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The glomerular filtration rate of isogeneically transplanted rat kidneys.
The glomerular filtration rate (GFR) was determined in rats with an
isogeneic kidney transplant and compared with that of unilaterally
nephrectomized rats. Experiments were carried out in adult rats, 3
months of age, weighing approximately 300 g, as well as in juvenile rats,
6 to 8 weeks of age, weighing approximately 170 g. All donor kidneys
were taken from adult rats. The GFR was measured regularly, using a
chromium 51-EDTA clearance technique which permitted repeated
measurements to be taken in the same animals, during a 15-week
followup period. After unilateral nephrectomy the GFR per 100 g body
weight (BW) increased compared with that of a single normal kidney.
Adult transplant recipients had a GFR per 100 g BW of about 80% of
that of unilaterally nephrectomized rats. There was no statistical
difference in the GFR when comparing adult recipients of either a
normal or a hyperfunctional kidney. When isografts were transplanted
to juvenile recipients, there was an initial decrease in the absolute GFR
compared with the donor value in the case of a normal adult donor
kidney. This decrease was even more pronounced when a hyperfunc-
tioning kidney was transplanted to ajuvenile recipient. However, when
related to BW the GFR was, as in the adult recipients, about 80% of that
of unilaterally nephrectomized juvenile rats. During the followup period
the systolic blood pressure was measured regularly by tail plethysmog-
raphy, in order to detect any blood pressure elevations, which are a
frequent complication in adult and pediatric human renal transplanta-
tion. However, no hypertension was observed after isogeneic kidney
transplantation in the various groups. These results show that the GFR
of isogeneically transplanted rat kidneys amounts to about 80% of the
maximally attainable level. Isogeneic transplantation of an adult kidney
to a juvenile recipient results in a rapid adaptation of the GFR to the
smaller size of the body and does not cause an increase in blood
pressure.
Debit de filtration glomerulaire des reins de rat en situation de
transplantation isogenique. Le debit de filtration glomerulaire a été
déterminé chez des rats ayant un transplant renal isogénique et compare
a celui de rats ayant eu une néphrectomie unilatérale. Les experiences
ont éte conduites chez des rats adultes, ages de trois mois, dont le poids
corporel était de 300 g et chez des rats jeunes, ages de six a huit
semaines, dont le poids corporel était de 170 g. Tous les transplants
provenaient de rats adultes. Le debit de filtration glomerulaire a été
mesuré a intervalles reguliers pendant une periode de 15 semaines au
moyen de la clearance de 51Cr-EDTA, cette technique permet des
mesures répétées chez le même animal. Après néphrectomie unilatér-
ale, le debit de filtration glomerulaire par 100 g de poids corporel
augmente par comparaison avec celui d'un rein unique. Les receveurs
adultes ont un debit de filtration glomérulaire par 100 g d'environ 80%
celui des rats ayant subi une nephrectomie unilatérale. II n'y a pas de
difference statistiquement significative entre les debits de filtration
glomerulaire des adultes ayant recu un rein normal ou un rein hyper-
fonctionnant. Quand les isogreffes ont été transplantées a des receveurs
jeunes, il a été observe une diminution initiale du debit de filtration
glomerulaire absolue par comparaison avec Ia valeur obtenue chez le
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donneur dans le cas d'un donneur adulte normal. Cette diminution est
encore plus importante quand un rein hyperfonctionnant est transplante
a un receveur jeune. Cependant, le debit de filtration glomerulaire
rapporté au poids corporel est, comme chez les receveurs adultes,
d'environ 80% celui des rats jeunes ayant subi une nephrectomie
unilaterale. Durant Ia periode d'observation Ia pression sanguine systo-
lique a été mesurée regulièrement par plethysmographie de Ia queue, de
facon a détecter une élévation de Ia pression artérielle, ce qui est une
complication fréquente de Ia transplantation humaine aussi bien chez
l'adulte que chez l'enfant. Cependant, il n'a pas été observe d'hyperten-
sion artérielle aprés la transplantation rénale isogénique dans les
différents groupes. Ces résultats montrent que le debit de filtration
glomérulaire des reins de rat transplantes de facon isogenique est
d'environ 80% du niveau maximum qui peut être atteint. La transplan-
tation isogenique d'un rein adulte a un receveur jeune a pour consé-
quence une adaptation rapide du debit de filtration glomerulaire a Ia
plus petite taille corporelle. La transplantation rénale isogenique ne
determine pas d'augmentation de Ia pression sanguine.
Kidney transplantation in rats is one of the most frequently
used models in organ transplantation research. Basic informa-
tion concerning rejection and immunosuppression has been
gathered. However, the function of the transplanted kidney has
received much less attention in renal research. Apart from a
number of recent studies in the early post-transplantation
period [1—31, no measurements of the glomerular filtration rate
(GFR) of transplanted kidneys have been reported. Followup
studies of rat kidney transplant recipients, exceeding one week,
mainly used plasma levels of urea and/or creatinine as indica-
tors of renal function [4—7]. These parameters are not very well
suited to determine a relatively small impairment of the GFR.
Recently, a method was developed to measure the GFR in
rats, which permitted repeated measurements in the same
animals [8]. This method was used to follow the changes in the
GFR after isogeneic kidney transplantation of adult donor
kidneys to adult and juvenile recipient rats. Isogeneic kidney
transplantation circumvents kidney damage caused by rejec.
tion. Consequently, this model provides information about the
degree of damage caused by the transplantation procedure.
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Juvenile recipients were used, because in pediatric renal trans-
plantation most donor kidneys stem from adults. In juvenile
recipients it is important to know what level of renal function is
to be expected. It remains to be seen whether or not the adult
kidney continues to function as it does in the donor body or
adapts to the immature size of the juvenile recipient.
The GFR of transplanted kidneys was compared with that of
kidneys remaining after unilateral nephrectomy, that is, the
maximally attainable level of a single intact kidney, Because it
may be possible that the compensatory response is reduced in a
transplanted kidney, compensatory hyperfunctioning kidneys
were also used as donor kidneys.
Hypertension has been noted to be a frequent complication of
human renal transplantation in adults [9, 10] as well as in
children [11]. The occurrence of a rise in blood pressure has
been studied after kidney transplantation between rat strains
with various types of genetically mediated hypertension [12,
13]. However, no studies have been reported on the effects of
kidney transplantation in normotensive rats, especially from
adult donors to juvenile recipients, upon the post-transplant
blood pressure. We therefore measured the systolic blood
pressure regularly up to the end of the followup period.
Methods
The experiments were performed with male rats of a highly
inbred (continuous brother-sister mating) Wistar strain (WAG!
Ro) bred at the Central Animal Breeding Center of the Erasmus
University, Rotterdam. This strain was obtained originally from
TNO (Rijswijk, The Netherlands) as the WAG/Ru strain. Ge-
netic homogeneity of this particular strain has been confirmed
by the permanent survival of intrastrain skin-, heart-, and
kidney grafts [14, 15].
The animals had food (rat chow AM II, Hope Farms,
containing 90 mEq Nalkg) and water (containing 3 mEq Nail)
available ad libitum. The adult rats used were about 13 to 15
weeks old with a body weight (BW) of 275 to 325 g. The juvenile
rats were 6 to 8 weeks old with a BW of 135 to 200 g at the time
of transplantation.
Surgery
The microsurgical technique as described by Fisher and Lee
[16] was used for heterotopic renal transplantation, with a slight
modification of the ureter-bladder anastomosis. Only right
donor kidneys were used for transplantation.
Donor kidney preparation. Under ether anesthesia the abdo-
men of the donor rat was opened; the right kidney together with
its renal artery and vein was mobilized. The ureter was freed
and transected near the bladder. After i.v. injection of heparin
(50 I.U.), the animal was bled to death, and the kidney was
removed from the body in such a way that elliptical cuffs of the
aorta and the vena cava were left at the end of the renal vessels.
The kidney was then kept at 4° C in a 0.9% sodium chloride
solution.
Transplantation. Under ether anesthesia the abdomen of the
recipient rat was opened and the aorta and the vena cava were
clamped below the renal vessels with a Satinsky-like curved
clamp. Small openings were made in the clamped part of the
vessels to which the cuffs of the transplant vessels were
anastomosed. End-to-side anastomoses were made by continu-
ous suturing using 7-0 silk in the adult and 8-0 nylon in juvenile
recipients. After the completion of the suturing, recirculation
was effected by removing the clamp. Bleeding was controlled
by the gentle pressure of a cotton wool roll.
The total ischemic time varied between 30 and 40 mm and did
not differ in regard to transplantation of either adult or juvenile
recipients.
After restoring the blood supply to the transplanted kidney,
the ureter-bladder anastomosis was made. A small opening was
made in the bladder fundus. The ureter tip was then drawn into
the bladder through the opening. After securing the ureter to the
low dorsal part of the bladder wall with one suture, the bladder
opening was closed with a short continuous silk suture.
Bilateral nephrectomy of the recipient's own kidneys was
performed under ether anesthesia with an abdominal approach,
one week after the transplantation.
Unilateral nephrectomy. Because we transplanted only right
kidneys, we removed the left kidney of the control rats. This
nephrectomy was carried out under ether anesthesia through a
midline incision in adult and juvenile rats. Thus the GFR of the
transplanted right kidneys was then compared with the maxi-
mally attainable GFR, that is, that of hyperfunctioning single
right kidneys in the control group.
Glomerular filtration rate
The GFR was measured under pentobarbital anesthesia (60
mg/kg i.p.), using an i.v, injection of chromium 5l-EDTA and a
single timed (60 mm) blood sample [8, 17]. The GFR (clearance
of chromium 5 i-EDTA) is then calculated from the formula:
GFR = ln P0/P1
where GFR = clearance (mi/mm), V = distribution volume of
chromium 51-EDTA (ml). P0, P = plasma concentration of
chromium 5l-EDTA at time zero and t mm (cpm/ml). P is
derived from the plasma sample at t (60) mm, P0 is calculated
from P0 = I/V, where I is the injected amount of chromium 51-
EDTA (cpm) and V the distribution volume.
From the clearance formula it is obvious that V plays an
important role in the calculation of the GFR. The V is related to
the BW of the rat, V =v' BW. In adult rats v' was reported to
be 0.198 0.012 (mean SD, N = 5) [17]. In juvenile rats, with
a mean BW of 172 g, V was 0.225 0.011 (mean SD, N = 8).
It may well be that v' changes in the different experimental
situations. The effect of a change in the actual v' upon the
calculated GFR is variable. When we substitute V = v' BW
and t = 60, and relate the GFR to 100 g BW, the clearance
formula becomes:
GFR per 100 g BW = 1.667 v' in (I — BW P) . (1 v')
Thus, v' is present as an augmenting as well as a depressing
factor in the formula. The overall effect of a change in the actual
v' from the one used to calculate the GFR (0.20 in the case of
adult rats) is dependent upon the value of I — (BW Ps), that is,
the actual GFR per 100 g BW.
Effects of changes in v' from 0.20 upon the calculated GFR
per 100 g BW are depicted in Figure 1. In the normal GFR range
(0.6 to 0.8 mI/mm per 100 g BW) changes of up to 10% in the
GFR will be the result of an increase in the actual v' with about
20% (0.20 to 0.24) or a decrease of about 15% (0.20 to 0.17). In
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unilateral nephrectomy. Group 2 consisted of adult rats that
received a normal kidney transplant from a two-kidney adult
donor rat. In group 3 adult rats received a hyperfunctioning
kidney transplant from an adult donor rat that had been
unilaterally nephrectomized three weeks earlier. Group 4 con-
tained juvenile rats that underwent a unilateral nephrectomy.
Group 5 contained juvenile rats that received a normal kidney
from a two-kidney adult donor rat and group 6 contained
juvenile rats that received a hyperfunctioning kidney from an
adult donor rat.
The initial number of successful operations as well as the
number of animals completing the study are given in Table I.
Most of the losses were due to complications during the
repeated GFR measurements. In donor rats the GFR was
measured about one week before transplantation of the kidney.
The GFR of the control groups 1 and 4 was first measured one
week before unilateral nephrectomy. In the followup period all
rats had their GFR determined 1, 3,9, and 15 weeks after either
bilateral removal of the recipient's own kidneys or after unilat-
eral nephrectomy in control rats.
Statistics
Fig. 1. The effect of a change in the actual value of v' upon the
calculated GFR per 100 g BW in rats. The abscissa shows the GFR per
100 g BW calculated with v' = 0.20. The ordinate gives the GFR per 100
g BW calculated for various values of v', as indicated on the righthand
side of the figure and represented by the various lines. The shaded area
is the GFR per 100 g BW calculated for v' = 0.20plus or minus 10%. C
is the GFR range in two kidney control rats. NX is the GFR range in
rats with a hyperfunctioning single kidney. TX is the GFR range in rats
with isogeneically transplanted kidneys.
the GFR range found in rats with a single compensatory
hyperfunctioning kidney (0.45 to 0.6 mllmin per 100 g BW) the
effect of a change in the actual v' is much less, while it is almost
absent in the GFR range found in rats with an isogeneically
transplanted kidney (0.3 to 0.5 mi/mm per 100 g BW). Large
relative deflections will be found in the very low GFR range,
although absolute differences from the calculated GFR will
remain small. For example, a value of 0.10 mi/mm per 100 g
BW, calculated with v' is 0.20, would be 0.05 mI/mm per 100 g
BW if the actual value of v' were 0.24.
From these considerations we concluded, that although v'
may be different in the various experimental models, the effects
upon the calculated GFR will remain relatively small and do not
outweigh the advantages of this method provided by the facility
and the possibility of repeated use in the same animals.
Systolic blood pressure
The systolic blood pressure was obtained from trained,
conscious but restrained animals by the tail cuff method, using a
sphygmomanometer (Narco Bio-systems, Houston, Texas).
Blood pressure recordings were taken in a quiet surrounding,
twice a week throughout the followup period.
Experimental protocol
Six groups of rats undergoing different treatments were
studied. Group 1 consisted of adult rats that underwent a
Longitudinal differences within each group of rats between
the GFR values before and after unilateral nephrectomy or
between the donor GFR and the GFR after kidney transplanta-
tion were compared using paired Student's t tests.
Differences in means among the groups in either the adult rat
experiments (groups 1, 2, 3) or the juvenile rat experiments
(groups 4, 5, 6) were compared by a one-way analysis of the
variance. In case of significant differences among these three
groups (P < 0.05), the Newman-Keuls test was used to find
which pairs of means were different [181.
Results
Body weight
Changes in the BW of the rats after the various treatments are
given in Table 2. In adult rats kidney transplantation causes a
decrease in BW. A 5 to 12% drop in BW was noted one week
after the removal of the recipients own kidneys. From then on
BW increased again. At the end of the 15-week followup period
the BW of rats with a kidney transplant was about 5% less than
that of unilaterally nephrectomized adult control rats.
In juvenile rats there was an arrest in growth until two weeks
after kidney transplantation, while subsequently there was a
period of a rapid increase in BW. At the end of the followup
period the BW of rats with a kidney transplant was about 5 to
10% less than that of unilaterally nephrectomized juvenile
control rats.
Glomerular filtration rate
The changes in the GFR and in the GFR per 100 g BW noted
in adult rats after unilateral nephrectomy or after the transplan-
tation of either a normal or a hyperfunctioning kidney are
depicted in Figure 2 (a and b).
In unilaterally nephrectomized rats (A NX) there was a rapid
increase in the GFR, compared with 50% of the prenephrec-
tomy level, during the first week after nephrectomy. The GFR
per 100 g BW at the end of the first week amounted to 131% of
the single kidney level. Subsequently, there was a further slight
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Table 1. Experimental treatments and numbers of rats starting the study (N) and completing (n) the 15-week followup period
Group Treatment Code n/N
I
2
3
4
5
6
Unilateral nephrectomy in adult rats A NX
Transplantation of a normal adult kidney to an adult recipient A TXN
Transplantation of a hyperfunctioning kidney to an adult recipient A TXH
Unilateral nephrectomy in juvenile rats Y NX
Transplantation of a normal adult kidney to ajuvenile recipient Y TXN
Transplantation of a hyperfunctioning kidney to a juvenile recipient Y TXH
10/12
8/12
6/10
12/12
13/16
7/10
Table 2. Changes in body wt of adult or juvenile rats following unilateral nephrectomy or isogeneic kidney transplantationa
Cod&'
Weeks post NX
PRE TX NX 1 3 9 15 N
A NX
A TXN
A TXH
Y NX
Y TXN
Y TXH
316 3 316 4 306 3 313 3 344 3 356 3
307 8c 315 6 277 5 293 6 332 6 344 8
306 7 305 6 288 7 304 9 322 8 338 10
162 4 171 5 188 6 217 6 280 5 313 4
306 6C 181 6 178 5 208 6 261 8 301 7
310 bc 161 6 167 6 209 8 257 12 284 12
(10)
(8)
(6)
(12)
(13)
(7)
a Data given are mean values SEM; the number of rats (N) is given in parentheses.
b For explanation of abbreviations see Table 1.
Body wt of donor rat is given.
Abbreviations used are defined: PRE, data obtained one week before transplantation or unilateral nephrectomy; TX, data obtained at the day of
transplantation; NX, data obtained at the day of unilateral nephrectomy in A NX and Y NX, and at the day of bilateral nephrectomy of the
recipients own kidneys in the transplant groups, being one week after transplantation.
increase. The GFR per 100 g BW was at a stable level of about
145% of the prenephrectomy value from 3 to 15 weeks.
After the transplantation of a normal kidney to adult recipient
rats, the GFR as well as the GFR per 100 g BW was not
significantly different from 50% of the donor value one week
after the removal of the recipients' own kidneys. However,
from three weeks onward both values were significantly higher
than the donor values. The average GFR per 100 g BW of adult
recipient rats (A TXN) who received the transplantation of
normal adult kidneys, between 3 and 15 weeks, amounted to
78% of that of A NX control rats.
After the transplantation of a hyperfunctioning kidney to
adult rats, a significant drop in the GFR and in the GFR per 100
g BW, compared with the donor level, was observed at one and
three weeks after the removal of the recipient's own kidneys.
Although the GFR remained lower than the donor value, this
difference was no longer significant after 9 and 15 weeks.
Between 3 and 15 weeks the average GFR per 100 g BW of adult
recipient rats (A TXH) transplanted with hyperfunctioning
kidneys was 80% of that of A NX control rats.
As a consequence of the divergent changes after the trans-
plantation of either a normal or a hyperfunctioning kidney,
analysis of variance showed no significant differences between
the GFR and the GFR per 100 g BW of A TXN and that of A
TXH rats. Both transplant groups, however, had a GFR and a
GFR per 100 g BW that was significantly lower than that of A
NX rats (GFR: P < 0.01 for both A TXN and A TXH at weeks 1,
3,9, and 15; GFR per lOOg BW: P <0.01 for A TXN at weeks 3,
9, and 15 and for A TXH at weeks 1, 3, and 15, P < 0.05 for A
TXN at week 1, and for A TXH at week 9).
From the combined data of both adult transplant groups, it
can be deduced that the GFR of isogeneically transplanted
kidneys was about 80% of the maximally attainable level.
The changes in the GFR and the GFR per 100 g BW noted in
juvenile rats after unilateral nephrectomy or after the transplan-
tation of either a normal or a hyperfunctioning adult kidney are
depicted in Figure 3 (a and b).
After the transplantation of a normal adult kidney to juvenile
recipient rats, there was an initial decrease in the GFR to about
70% of the pretranspiant donor GFR. The level of the GFR
increased again as BW of the recipient increased. At the end of
the 15-week followup period, when the recipient's BW was
about the same as that of the adult donor rats, the GFR was
significantly increased to about 125% of the GFR of the donor
kidney. Despite the initial decrease in the GFR after the
transplantation, the GFR per 100 g BW of the juvenile recipient
rats (Y TXN) transplanted with normal adult kidneys was
significantly higher than 50% of that of the donor rats and
remained higher throughout the followup period.
After the transplantation of a hyperfunctioning adult kidney
to a juvenile recipient, the decrease in the GFR was much more
pronounced than after the transplantation of a normal adult
kidney. The GFR was, one week after the removal of the
recipient's own kidneys, about 50% of the donor value. The
GFR increased again as the BW of the recipient increased but
remained significantly lower than the donor value throughout
the followup period.
The GFR per 100 g BW of the juvenile recipients was not
significantly different from 50% of that of the donor rats during
the followup period. As in adult recipients analysis of the
variance did not show any significant differences in either the
GFR or the GFR per 100 g BW when comparing the recipients
of a normal or a hyperfunctioning adult kidney. Both transplant
groups had a GFR and a GFR per 100 g BW that were, in
general, significantly lower than those of juvenile rats unilater-
ally nephrectomized (Y NX) (GFR: P < 0.01 for Y TXN at
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Fig. 2. A The glomerular filtration rate (GFR) and B the GFR per 100 g
body wt of normal and hyperfunctioning adult kidneys transplanted
isogeneically to adult rat recipients compared with that of unilaterally
nephrectomized rats. Symbols used are: A—A A NX (10); 0—0 A
TXN (8); •—• A TXH (6). The number in parentheses is the number
of rats in that particular group. For group abbreviations see Table 1;
PRE control and N donor values represent 50% of the actual measured
GFR in order to obtain the GFR of a single kidney; TX, the week of
transplantation; NX, the week of either unilateral nephrectomy of the
controls or bilateral nephrectomy of the transplant recipient's own
kidneys. Letter symbols are defined: a, P < 0.05; b, P < 0.01; c, P <
0.005; d, P < 0.001 compared with the PRE value (paired t test). (Data
given are means sEM.)
weeks 1, 3, 9, and 15 and for juvenile recipients transplanted
with hyperfunctioning kidneys (Y TXH) at weeks 1, and 15, P <
0.05 for Y TXH at weeks 3, and 9; GFR per 100 g BW: P < 0.01
for Y TXN at weeks 1, 3, and 9, and for Y TXH at weeks 1, and
15, P < 0.05 for Y TXN at week 15 and for Y TXH at week 3).
By combining Y TXN and Y TXH, it can be stated that the
GFR per 100 g BW of isogeneically transplanted adult kidneys
to juvenile recipients amounted to about 75 to 80% of the GFR
of juvenile unilaterally nephrectomized rats.
Systolic blood pressure
No major changes were observed in the normotensive systol-
ic blood pressure level after the rats received either a unilateral
nephrectomy or an isogeneic kidney transplantation. For com-
parison the averages are given for 10 to 12 successive blood
pressure recordings obtained between 6 and 12 weeks after
nephrectomy (Table 3).
Discussion
The GFR of isogeneically transplanted adult rat kidneys to
adult recipients amounted to 80% of the maximally attainable
level, that is, the GFR of a single kidney remaining after
contralateral nephrectomy. Studies concerning the long-term
changes in the GFR of transplanted kidneys have not been
reported. GFR measurements taken shortly after renal trans-
plantation showed a reduced GFR up to 6 hours [2] or 15 hours
15 [3] after the operation. At that time the GFR amounted to 60 to
70% of the control value. Studies covering a longer period did
not indicate that damage had occurred to the kidney during
transplantation [6], even after two hours of cold ischemia [7],
according to the postoperative serum creatinine levels up to 16
days after transplantation. Serum creatinine and urea, however,
are not very sensitive measures to identify minor changes in
renal function. Normal or near normal creatinine and urea
levels may cover a wide range of GFR values [17]. During long-
term studies near normal [4] or elevated [5] levels of blood urea
after isogeneic kidney transplantation have been reported,
suggesting that some degree of renal damage had occurred.
Several factors may be involved in the observed reduction in
the GFR when compared with the maximally attainable level. It
is not probable that an incomplete compensatory response of
the transplanted kidneys causes the reduction in the GFR. After
the transplantation of already hyperfunctioning kidneys, the
level of the GFR was almost indistinguishable from that of rats
with a normal kidney transplant. This observation suggests that
15 the transplanted kidney is partially damaged. Damage due to
rejection can be excluded, since the kidneys were transplanted
between male rats of a highly inbred strain, in which permanent
survival of intra-strain skin-, heart-, and kidney grafts had been
obtained [14, 15].
Therefore, it is most likely that the approximate 20% impair-
ment in the GFR of isogeneically transplanted rat kidneys is
caused by the transplantation procedure. We speculate that,
apart from the damaging effect of the temporary ischemia,
ureteral obstruction occurring after the transplantation is of
importance. This opinion is based on several observations. The
WAG/Ro recipients of WAG/Ro donor kidneys generally did
not survive kidney transplantation for more than a week when
their own kidneys were removed at the same time. During this
period no urine was excreted. Clearance studies with chromium
51-EDTA a few hours after transplantation showed that the
kidneys did filtrate, but no radioactive material appeared in the
bladder. Furthermore, those transplanted kidneys (N = 20)
subjected to an IVP at the end of the foilowup period all
revealed a moderate to severe degree of hydronephrosis. All
these findings point, in our opinion, to urinary outflow prob.
lems as a possible cause for renal damage observed in this
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Fig. 3. A The glomerular filtration rate (GFR) and B the GFR per 100 g
body wt of normal and hyperfunctioning adult kidneys transplanted
isogeneically to juvenile rat recipients compared with that of unilateral-
ly nephrectomized rats. Symbols used are: A—A Y NX(12); 0—0
Y TXN (13); •—• Y TXH (7). For further explanation of abbrevia-
tions, see the legend for Figures 1 and 2.
particular model of rat kidney transplantation. The degree of
GFR reduction was in the same order as that of kidneys which
had recovered from a complete ureteral obstruction of a one-
week duration [191.
After the transplantation of normal adult kidneys to juvenile
recipients, we observed a significant decrease in the GFR,
which was even more marked when hyperfunctioning kidneys
were transplanted. This decrease in the GFR could be due to a
greater damage brought about during and after the transplanta-
tion. The transplantation of adult kidneys to juvenile rat recipi-
ents, however, did not cause additional microsurgical prob-
lems, nor did the ischemic time differ from that of kidneys
transplanted to adult recipients. Furthermore, during the fol-
lowup period the juvenile rats reached adulthood, and the BW
Group codeb Nc mm Hg
ANX (10) 121 2
ATXN (8) 113±4
ATXH (6) 120±4
YNX (12) 129±4
Y TXN (13) 118 3
ATXH (7) 127±4
amounted to over 300 g. At that time the GFR was of the same
order as that of adult recipients, indicating that the degree of
renal damage was also of the same order. Thus, we conclude
that the initial GFR decrease in transplanted adult kidneys is the
result of a rapid adaptation to the size of the immature recipient
rat.
In rats, the GFR per 100 g BW of single kidneys remaining
after contralateral nephrectomy increases to about 70 to 80% of
the two-kidney value in a relatively short period [17]. The GFR
of transplanted kidneys amounted to a level of about 80% of
that of single hyperfunctioning kidneys in adult as well as in
juvenile recipients. Assuming that the 20% impairment of the
GFR is due to damage caused during and after the transplanta-
tion, it appears that the GFR of transplanted adult kidneys is in
one way or another influenced by the recipient. Thus, the
present findings provide evidence that, in the case of a success-
ful transplantation, the GFR is not determined by the previous
function of the undamaged donor kidney. The transplanted
kidney, however, behaves like a single kidney of the recipient in
establishing the ultimate GFR level.
No clinical data substantiating these findings in human trans-
plantation are known to us. However, conversely juvenile
kidneys should adapt rapidly when transplanted to adult recipi-
ents. In rats a rapid increase in size has been noted after the
transplantation of "baby" rat kidneys to adult recipients [20].
In human transplantation a rapid increase in renal function has
been reported to occur when kidneys were transplanted from
(very) young children to adult recipients [21, 22].
Hypertension, which is a common finding after clinical renal
transplantation [9—11], was not observed in rats with isogenei-
cally transplanted kidneys. This finding indicates that the
presence of a kidney transplant as such, in this model, does not
cause a rise in blood pressure. Thus other factors, such as
rejection and immunosuppressive therapy, may be of impor-
tance in raising the blood pressure level.
A Table 3. Systolic blood pressure after isogeneic kidney transplantation
in ratsa
PC
— — . . I
PRE NX1 3 9
TX Time, weeks
a Mean SEM of 10 to 12 blood pressure determinations taken
between 6 and 12 weeks after transplantation.
b For abbreviations see Table 1.
N represents the number of rats in each group.
B
1.5
S
S
1.0
0.5
I
0.6
0.5
.5E 0.4
S
0.3'
0.2'
4-
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